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MD Coref EL Experiments Conclusion

Mention Detection (By: Avi, Georgiana, Hans)

Standard IOB sequence classifier, trained on the task

2 main classifiers: CRF and Neural Network-based
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Coref EL Experiments Conclusion

Mention Detection (NN
* Model probability:
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MD Coref EL Experiments Conclusion

System Combination for Mention Detection

Both systems (CRF, NN) have high precision

We combine them as follows
Start with the "best” system

For each conseqguent system
Add any mentions that do not overlap with the current output

2016 2017
English 0.803 0.843 0.806
Spanish 0.785 0.809 0.785
Chinese 0.811 0.843 0.699 0.75* CharCNNs

The Lample model didn’t produce better results on our dev data.
6 IBM Research Al



MD Coref EL Experiments Conclusion

Pilot Task — minimally supervised transfer

Train monolingual embeddings in En and foreign language

Use a small dictionary to train a map from a foreign language
into the English embedding space (Mikolov 13)

Train a En mention detection mode|

Decode new languages using the En model and mapped
embeddings

7 IBM Research Al



MD Coref EL Experiments Conclusion

Mention Detection for Pilot Task

Weak classifiers:
Silver-data an etans) trained NN models

Cross-lingual transfer of models with: 1. TAC data and 2. In-house mention
detection data

Train a NN classifier to combine all the weak classifier outputs
Use Spanish as a test case, apply to all other languages

Spanish 0.335 0.609 0.704 0.809
Panet.al _ACL16
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MD Coref EL Experiments Conclusion

In document Coreference Resolution @y: Gourab)

All mentions in a document are clustered into entities using an in
document coreference system

The canonical mention of an entity is linked using EL system

The link of canonical mention is assigned to all mentions in the
entity

We use 2 different coreference systems in this evaluation
MaxEnt Model
Neural network based Model
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Coref EL Experiments Conclusion

Neural Network Mode

This model is used for languages without any gold standard
training data

low resource languages like Nepali

This model is trained over English coreference data using
multilingual embeddings

Subsequently, the model is tested over data from new language
without any retraining
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M Coref Experiments Conclusion

Results of NN model

Model is trained with multilingual embeddings over
TAC 15 training portion of English coreference data

TAC 16 test portion of English coreference data

Model is tested over
TAC 15 test portion of 3 languages

TAC 15- test-Eng 0.9 0.89 0.84
TAC 15-test-Spa 0.91 0.92 0.88
TAC 15- test-Cmn 0.97 0.96 0.91
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Coref EL Experiments Conclusion

IBM LIEL system (ACL 2016)

Language Independent EL system: LIEL (Sil & Florian,16)
Collective disambiguation model based on Maximum Entropy

(EEETFLLE (Chinese WP) [ZEE A R & 1% Cenglishwp
[¥ 2R SRR \\\\:\_// B SRR T
%EE‘JN%\{E\ BH AT O, TN [ 98  Charlie_Hebdo
AR THE N LN Sa
Sk 19 % IR TH .
S \\/ \

NILOO9 NILOO9

SOTA performance on TAC evaluation & other benchmarks

15 IBM Research Al



Coref E Experiments Conclusion

IBM NN EL system (AAAI 2018)

New system

Neural Cross-lingual Entity Linking
/ero-shot model

Avi Sil, Gourab Kundu, Radu Florian, Wael Hamza
AAAI 2018
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MD Coref Experiments Conclusion

Problem Formulation (English EL)

Given: Query mention m and a document D € en and Wikipedia KB,,

Step 1 (Fast Search): Extract the most likely list of links I; ,.., [;  for m in
D
Step 2 (Ranking): Estimate: ™ = arg max P(C|m, D, l§m))

J

where “C" is the consistency measure for matching contexts between:
the pair (m, D) and a Wikipedia link I
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MD

Coref EL Experiments Conclusion

Problem Formulation (cross-linqgual EL)

18

Given: Query mention m and a document D € tr and Wikipedia KB,,

Step 1 (Fast Search): Extract the most likely list of links I; ,.., [;  for m in
D
Step 2 (Ranking): Estimate: ™ = arg max P(C|m, D, l§m))

J

where “C" is the consistency measure for matching contexts between:
the pair (m, D) and a Wikipedia link I
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Tayvan, ABD ve Ingiltere'de hukuk okumasi, Tsai'ye bir LL.B. kazandirdi ...
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Taiwan .

From Wikipedia, the free encyclopedia Coordinates: (g 23°30'N 121°00°E"]
"Republic of China" redirects here. For the People's Republic of
China, see China. For other uses, see Republic of China
(disambiguation) and Taiwan (disambiguation).

Taiwan (¢'/ tarwa:n/;
Chinese: E# or &#; see
below), officially the
Republic of China (ROC;
Chinese: HER ; pinyin:
Zhonghua Mingud), is a
country in East Asia. The
Republic of China,
originally based in
mainland China, has since
1945 governed the island

Republic of China
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From Wikipedia, the free encyclopedia
(Redirected from Usa)

Coordinates: (g 40°N 100°W

"United States of America", "America", "U.S.", and "USA" redirect
here. For the landmass comprising North and South America, see the
Americas. For other uses, see America (disambiguation), US
(disambiguation), USA (disambiguation) and United States
(disambiguation).

The United States of
America (USA),
commonly referred to
as the United States
(U.S.) or America, is
a federal republic
composed of 50
states, the federal
district of

United States of America
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Tsai Ing-wen

From Wikipedia, the free encyclopedia
This is a Chinese name; the family name is Tsai.

This article may be expanded with  [show]
text translated from the

H==p A corresponding article in Chinese.
(January 2016) Click [show] for important

translation instructions.

Tsai Ing-wen (Chinese: £
3L, pinyin: Cai Yingwén;
born 31 August 1956) is a
Taiwanese politician
currently serving as the
President of Taiwan or the
Republic of China. Tsai is

the first woman elected to
P [l

Read Edit View history g

Tsai Ing-wen
23°8

* Challenges:
* Link to the English Wikipedia
e Comparing non-English words to English Wikipedia titles

Example by Tsai & Roth'16

IBM Research Al



Coref

EL Talk Outline

20

Problem Formulation
Fast Search

Word Embeddings

Modeling Contexts

Cross-Lingual Entity Linking
Model

Feature Abstraction layer

Experiments

Experiments

Conclusion

IBM Research Al



Coref Experiments Conclusion

Fast Search (English)

On June 29, 2012, Holmes had filed for divorce from Cruise in
New York after five years of marriage. /

/

Ethan Hunt (Cruise) while vacationing is alerted... /

Cruise joined in and made\Fr'rs\debut for Arsenal F.I(f. Reserves...

\

Thomas Cruise (footballer)

Tom Cruise

Cruise:
* en/Tom_Cruise (probability: 0.66)
 en/Thomas_Cruise (footballer) (probability:0.33)
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MD Coref EL Experiments Conclusion

Fast Search (Cross-Lingual)

..alos Premios Oscary en cuatro a los Premios Globo de Oro,

}U’s{nificativa presencia..

/

N\
Premios Oscar Premios GlObO de Oro

Debido a politicas idas en Wikipedia, usted 4 titulos cil aficos en inglés y
espariol. Para mas il i6n, véase: Convenciones de titulos.

(Redirigido desde «Premio Globo de Oro»)

El premio Oscar —también llamado «premio de la

Los Premios Globo de
\cademia» o en inglés, Academy Award— es un premio anual Premio Oscar : Lo A
boncedido por la Academia de las Artes y las Ciencias Oro —en inglés: Golden Premio Globo de Oro
89.% ceremonia de entrega de prem

LCinematogréficas (en inglés: AMPAS; Academy of Motion = Globe Awards— son
Picture Arts and Sciences)' en reconocimiento a la excelencia galardo nes concedidos ’
He los profesionales en la industria cinematogréfica, I I 2

Incluyendo directores, actores y escritores, y es ampliamente por los 93 miembros de la . . i >
bonsiderado el maximo honor en el cine.? El Oscar es llamado " Asociacion de la Prensa & ¢ e,
pficialmente «Premio de la Academia al Mérito», y es el ~ 80 LDF; v
brincipal de los nueve premios que otorga didha organizacion. e . Extranjera de HoIIywood [OH g
[ acto formal, en el cual los premios son pregentados, es una | K (HFPA; por sus siglas en A k=7 7

inglés) en reconocimiento .-
Academy Awards \ ° a la excelencia de | -
From Wikipedia, the free encyclopedia I n te r a n gu a ge LI n S
"Oscars" and "The Oscar" redirect here. For other uses, see Oscar (disambiguation). Golden Globe Award
The Acat‘:‘emy Awards, now known officially a% the Academy Awards From Wikipedia, the free encyclopedia
Oscars, 'l is a set of twenty-four awards for artistic and
& u . "
technical merit in the American film industry, given annually .‘ ) 89th Academy Awards ‘Golden Globe" redirects here. For other uses, see Golden Globe (disambiguation).
by the Academy of Motion Picture Arts and Sciences o Golden Globe Awards are accolades bestowed by the 93 members of the Hollywood Golden Globe Awards

Foreign Press Association, recognizing excellence in film and television, both domestic and

(AMPAS), to recognize excellence in cinematic achievements )
foreign. < 74th Golden Globe Awards

as assessed by the Academy's voting membership. The
various category winners are awarded a copy of a golden
statuette, officially called the "Academy Award of Merit",
which has become commonly known by its nickname
"Oscar". The awards, first presented in 1929 at the
Hollywood Roosevelt Hotel, are overseen by AMPAS. 23!

The annual ceremony at which the awards are presented is a major part of the film
industry's awards season, which culminates each year in the Academy Awards.!']

The 74th Golden Globe Awards, honoring the best in film and television in 2016, was
broadcast live on January 8, 2017. Jimmy Fallon hosted the show.

Contents [hide]
1 History
2 Ceremony
2.1 2008 disruption
3 Categories

The awards ceremony was first broadcast on radio in 1930
and televised for the first time in 1953. It is now seen live in
more than 200 countries and can be streamed live online.!*!
The Academy Awards ceremony is the oldest worldwide
entertainment awards ceremony. Its equivalents — the Emmy
Awards for ision_the Tony Awards for theater and the

3.1 Motion picture awards
3.2 Television awards
3.3 Retired awards

4 Superlatives The Golden Globe statuette

5 Records Awarded for __Fxcoll Jil .

Premios Oscar: en/Academy_Awards (probability: 1.0)
Premios Globo de Oro: en/Golden_Globe Awards (probability: 1.0) BM Research Al
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Coref Experiments Conclusion

Word Embeddings

Mono-lingual (English)
CBOW Word2Vec

Multi-Lingual

M u Iti'CCA (Ammar et.al, 16)

Project pre-trained monolingual embeddings in each language (except
English) to the vector space of pre-trained English word embeddings
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MD Coref EL Experiments Conclusion

Modeling Context from the query Document

Get all sentences from the entity coref chain

“[Broad] catapulted [England] to a 74-run win over [Australia]...
[Broad] sent captain [Michael Clarke]'s off stump cart-wheeling
before [Steve Smith]..

[Broad] and [Bresnan] found their stride in the evening session..”

Concatenate them together
Get a variable length representation
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MD Coref EL Experiments Conclusion

Modeling Context from the query Document

tanh

Mean Pool

Convolution
Layer

Context from the Source Document

IBM Research Al
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Get all possible links o

- the mention from the KB

“[Broad] catapulted [England

to a 74-run win over [Australia]...

tuart Broad
rom Wikip ee encyclopedia
t

cricketer who plays Test

International cricket for

Neil Broad

From Wikipedia, the free encyclopedia

Neil Broad (born 20 November

1966) is a former professional tennis
player who represented Great Britain
for most of his playing career. He is a

former UK number 1 who won seven

Residence

Experiments Conclusion

Modeling Context from target Wikipedia |
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MD
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Coref EL Experiments

Modeling Context from target Wikipedia |

Extract the first paragraph of the current link/page

Stuart Christopher John Broad, MBE (born 24 June 1986) is a cricketer who
plays Test and One Day International cricket for England. A left-handed batsman
and right-arm seam bowler, Broad's professional career started at Leicestershire,
the team attached to his school, Oakham School; in 2008 he transferred to
Nottinghamshire, the county of his birth and the team for which his father played.
In August 2006 he was voted the Cricket Writers' Club Young Cricketer of the Year.

Run CNNs on them

Conclusion
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Coref EL Experiments Conclusion

Wikipedia Link Embeddings
Objective: Model the whole Wikipedia page for an entity

We compute the embeddings e, of the page p:

o D wep Cwlidfu
Y Y wep Wfw
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MD Coref EL Experiments Conclusion

Fine Grained Context Modelino

Final Context Vector

Slices of NTN

Overall Left

Overall Right
Context :D _ r_ Contaxt
T OO i wesnrools AN

LSTM |'—

m Wri
Right Context 1

2
Left Contexta

8
Left Contextn Right Context 1
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MD Coref EL

Experiments

Conclusion

Neural Model Architecture

Correct | Incorrect
Link Link
(C=1) | (C=0)

p(C|m, D,l) = softmaz(Woh + bg)

|

= O'(th + bh)
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MD Coref EL Experiments Conclusion

Feature Abstraction Layer

Similarity Features by comparing Context Representations
"Sentence context - Wiki Link” Similarity
“Sentence context - Wiki First Paragraph” Similarity
"Fine-grained context - Wiki Link" Similarity
Within-language Features (LIEL, Sil & Florian, ACL16)

Semantic Similarities and Dis-similarities

Lexical Decomposition and Composition (LDC) (Wang et.al.,16a)
Multi-perspective Context Matching (MPCM) (Wang et.al., 16b)
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MD Coref

Measure the Cosine Similarity

35

EL

sim

Experiments

Context from the query Document

Context from the target Wiki Page

Conclusion
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MD Coref EL Experiments Conclusion

Similarities over multiple granularities of context

Cosine Similarity based features:

ey WA ap .

Conv(sent) Conv(WFPara) Conv(sent)  Wiki Page Emb

These values are mapped to a 100-D vector using an RBF node
Smooth binning process
More parameters than a single cosine value
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MD Coref Experiments Conclusion

Experiments

Datasets:
English:
CoNLL 2003
TAC 2010

Cross-lingual (Spanish & Chinese):
TAC 2015
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MD Coref Experiments Conclusion

English Experiments

Systems In-KB acc. %
Hoffart et al. (2011) 82.5
He et al. (2013) 85.6

Francis-Landau et al. (2016 .
Sil & Florian (2016 86.2
azic et al. (20

Ganea et al. (2015)
Pershina et al. (2015

Yamada et al. (2016) 93.1
E = This work 92.1
- = This work+CtxLSTMs 93.0
This work+CtxLSTMs+LDC 93.4
This work+CtxLSTMs+L.DC+MPCM 94.0

(a) CoNLL2003
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Experiments Conclusion

MD Coref

English Experiments

Systems In-KB acc. %
TAC Rank 1 79.2
TAC Rank 2 71.6

He et al. (2013) 81.0

Chisholm & Hachey (2015) 80.7

Yamada et al. (2016 85.2
Go
i This work 85.0
i This work+CtxLSTMs 86.3

This work+CtxLSTMs+LDC 86.9

(b) TAC2010

IBM Research Al
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MD Coref EL

Systems Linking Acc %
Sil & Florian (2016) / TAC Rank 1 80.4
Tsai & Roth (2016) 80.9
This Work 81.9

Table 4: Performance comparison on the TAC
2015 Spanish dataset.

41

Cross-lingual Experiments

Experiments

Systems Linking Acc %
TAC Rank 1 83.1
Tsai & Roth (2016) 83.6
This Work 84.1

Conclusion

Table 5: Performance comparison on the TAC

2015 Chinese dataset.
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Coref Experiments Conclusion

TAC 2017 Results

NERC NERLC CEAFmC

Eng | 0.806 0.668 0.713
Spa | 0.785 0.603 0.664
Cmn 0.699 0.520 0.593

Trained once on English!

1. Second in Mention Detection (English)
2. Top score in End-end metric (English)
3. Third in Spanish Mentionand EL
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Coref EL Experiments Conclusion

2017 Pilot Task Results

Lang NERC NERLC
Kikuyu 0.803 0.797
Swabhili 0.664 0.51
Nepali 0.319 0.312
All 10 langs 0.488 0.401
1. Models:

1. Mention:System combo

2. Coref & EL: Purely NN
2. Second position overall end-to-end metric
3. Transfer of knowledge from English helps
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MD Coref Experiments Conclusion

Conclusion

Model performs zero-shot learning for x-lingual EL
Can be applied to any language if we have multi-lingual embeddings

Makes effective use of deep NNSs
mixing CNNs and LSTMs to produce contextual representation
Capture similarities + dis-similarities for the task (AAAI 2018 paper)

Obtained the top score in the English EL task
Competitive performance in the other languages e.g. Spanish
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Questions?
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